Objective: To investigate the prevalence of coeliac disease (CD) in an adult population with Turner's syndrome (TS). Design: A clinic population with TS was screened using a serological test for CD. Methods: Two hundred and fifty six patients with TS were included in the study. Five patients had existing diagnoses of CD. The remaining 251 asymptomatic patients were screened using an IgA endomysium antibody (EMA) test. Positive cases were offered endoscopy with duodenal biopsy. HLA typing was undertaken in existing cases and new EMA-positive cases. Results: Of the 251 patients screened, eight were found to be EMA positive (3.2%). Seven patients proceeded to duodenal biopsy on which all were confirmed histologically to have CD (2.8%). The prevalence of subclinical CD in the population can therefore be estimated between 2.8 and 3.2%. The total population prevalence of CD, including the previously diagnosed cases, is estimated between 4.7 and 5.1%. Ten patients with histologically confirmed CD underwent HLA typing of which eight were HLA-DQ2 positive, one was HLA-DQ8 positive and one was negative to both HLA-DQ2 and HLA-DQ8. Conclusions: This study demonstrates an increased prevalence of CD in an adult population with TS over the general population. This is consistent with previous data published in paediatric populations.
Introduction
The hallmark of Turner's syndrome (TS) is an absent or structurally abnormal X-chromosome in a phenotypic female. It has long been recognized that there is an increased incidence of autoimmune disorders in TS (1) , with hypothyroidism being the most common. Many studies have reported an increased prevalence of coeliac disease (CD) in TS (2) (3) (4) (5) (6) (7) (8) (9) , with prevalences reported of 0-8.1%, compared with 0.5-1.0% in the general population, based on serological screening (10) .
Coeliac screening studies in TS have thus far been performed in paediatric populations, and we note that the risk of developing autoimmune thyroid disease increases with age (11) . We have therefore undertaken serological screening for CD in an adult population with TS to determine the degree of age progression of this condition.
Recent advances in understanding the pathogenesis of CD have pointed to the modification of wheat gluten proteins by tissue transglutaminase (12) , with a key role of HLA-DQ2 in presenting toxic wheat proteins to T cells. Tissue transglutaminase is the target of the antiendomysial autoantibody response in CD. Antibodies to endomysium (IgA endomysium antibody, EMA) can be measured in serum via indirect immunofluoresence to provide a serological test for CD which has been shown to be highly sensitive and specific, with values for both parameters exceeding 95% in most studies (13) . An alternative approach using an enzyme linked immunoabsorbent assay measuring IgA tissue transglutaminase antibody (tTGA) levels has comparable sensitivity and specificity, however, incomplete concordance between the two tests has led some authors to suggest combination screening (14) . By contrast, the previously widely used antigliadin tests have been shown to have relatively poor sensitivity and specificity.
While serological screening remains a powerful tool in the diagnosis of CD, it has been demonstrated that EMA sensitivity is reduced in cases of partial rather than total villous atrophy (15) , and the gold standard for the diagnosis of CD remains the finding of villous atrophy on duodenal biopsy.
Subjects and methods
Two hundred and fifty six consecutive women with karyotypically proven TS attending the Adult Turner clinic at University College Hospital, London were screened as a routine part of their health surveillance programme. Ethical committee approval was given for clinical notes review.
All subjects were screened using a serological test for EMA positivity. Indirect immunofluorescence analysis was performed using commercially available fixed sections of monkey oesophagus (Biodiagnostics Ltd, Worcestershire, UK) as antigen substrate. Patient serum was diluted 1:10 with PBS. Patient endomysium specific IgA was detected with a FITC-labelled sheep antihuman IgA conjugate (Dako Ltd, Ely, UK F0204). All positive patients were offered a duodenal biopsy. These were undertaken either in our centre or at the patient's local centre, in accordance with routine practice. We accepted routine pathology reports as evidence of CD as we were unable to obtain original slides from all centres to enable a uniform reporting system.
HLA typing was offered to all patients with positive EMA serology or a previous diagnosis of CD. DNA was extracted from EDTA blood using a Qiagen MagAttract DNA Cell Mini Kit by a M48 BioRobot and analysed using the Protrans Domino System HLA CD Association kit.
Results
The median age of the 256 patients with TS was 29 (16-61) years. Five patients had an established diagnosis of CD made prior to the transition to adult care, following a variety of clinical presentations. In order to clarify the effect of ascertainment bias affecting the screening statistics, we have presented prevalence data for CD with and without these cases included. The characteristics of these five cases are presented with those of the newly identified EMA-positive cases ( Table 1) . The 251 remaining patients with TS were screened for EMA positivity.
EMA were positive in 8/251 (3.2%) patients, none of whom reported symptoms suggestive of CD. Duodenal biopsy was declined by one patient; the remaining seven proceeded to biopsy that confirmed the diagnosis of CD histologically, with partial or total villous atrophy in all cases (7/251 or 2.8%). If the five previously diagnosed cases of CD were included then the total population prevalence of CD would be 12/256 (4.7%).
HLA typing was performed in 10 women with histologically confirmed CD (six newly diagnosed and four previously diagnosed); eight were HLA-DQ2 positive, one was HLA-DQ8 positive and one was negative for both HLA-DQ2 and HLA-DQ8.
In order to place our findings in a wider perspective, we combined our data with that from all published studies found in a search of Medline ( Table 2 ). The prevalence of EMA positivity detected by EMA/tTGA screening was 27/638 (4.2%). Of the 21 EMA-positive cases who proceeded to biopsy, 18 (85.7%) had histological confirmation of CD, with five studies showing 100% concordance between EMA positivity and biopsy-proven CD.
Discussion
This study confirms the finding of an increased prevalence of CD in TS and, interestingly, the prevalence in an adult population is similar to that reported in paediatric populations ( Table 2 ) (2) (3) (4) (5) (6) (7) (8) (9) . Combining all studies, the prevalence of screening-detected EMA positivity in TS is 4.2%, which represents a 4 to 8 fold increased risk over the general population. The fact that there appears to be little age-related progression in the prevalence of CD is in contrast to the natural history of hypothyroidism in adults with TS (11) and raises the possibility that a single screening exercise will ascertain most cases. It might be prudent to undertake this during paediatric care, and certainly before treatment with growth hormone is considered, as untreated CD could impact on growth velocity. Reviewing the data in the TS population, serological screening appears to be an effective method of identifying subclinical CD. While HLA screening is a possible alternative, in our population, one HLA-DQ2/8 negative case was identified which raises the possibility of false negatives in the TS population.
It is interesting to speculate on the mechanism for this increased prevalence of CD and other autoimmune diseases in TS. CD is a strongly heritable condition, with a 75% concordance in monozygotic twins compared with 11% in dizygotic twins (16) . More than 90% of patients diagnosed with CD have the HLA-DQ2 haplotype, with virtually all the rest having HLA-DQ8 (17) . This compares with a European population prevalence of these HLA subtypes of between 20 and 30% (18) . There appears to be no increased representation of these genotypes in TS; in the one TS population that has been studied to date, 14/46 (29.1%) were found to be HLA-DQ2 positive, comparable with the general population (6) . From these observations, we conclude that a 'second hit' of autoimmune activation of this HLA risk group must be behind the excess of risk of CD in TS. Of note, there was no significant relationship between hypothyroidism (6/13 women with CD) and CD in this audit.
All eight previously reported cases of TS and CD that have been subjected to HLA typing have been found to carry HLA-DQ2 (2, 5, 6) . Interestingly, one subject (1/8 or 12.5%) in our study population with positive EMA serology and histologically confirmed CD was HLA-DQ2 and DQ8 negative. This is rare in the general population with CD and is the first case to be reported in the Turner's population. In a large European study of 1008 patients with CD, only 61 (6.1%) HLA-DQ2/DQ8 negative cases were described (17) . Of these 61 cases, 57 encoded half of the HLA DQ2 heterodimer. It has been suggested that the remaining four cases could carry rare mutations in other HLA-DQ alleles, enabling them to present gliadin to T cells (18) . Although only one case of HLA-DQ2/DQ8 negative CD was identified here, it is nevertheless tempting to speculate that this case adds further weight to the notion of an exaggerated 'second hit' in the development of CD in TS. TS therefore provides an important model for the study of the origin of autoimmune disorders, with X-chromosome genes and oestrogen deficiency as possible mechanisms. When considering screening for subclinical CD in TS, it is important to assess what the clinical significance of the diagnosis may be in this population. Some studies suggest that people with undetected CD have a tendency towards low bone density (19, 20) and mild nutritional deficits (21) . Even in our large study, our population with TS and CD was too small to provide sufficient power to address this issue with statistical significance.
There is, however, one scenario when it would be particularly prudent to undertake CD screening and that is in the pre-pregnancy work-up of women with TS seeking ovum donation. Undiagnosed CD at the time of delivery may be associated with pre-term birth, intrauterine growth retardation and low or very low birth weight (22) , all of which are already prevalent in TS pregnancies (23) . This is in contrast to maternal CD diagnosed before birth which is not associated with adverse foetal outcomes.
In conclusion, our findings confirm an increased prevalence of CD in TS, estimated in our population as lying between 4.7% (biopsy confirmed) and 5.1% (EMA positive). When all studies are combined, a total population prevalence of CD in TS is estimated at 4.5%. The potential advantages to the detection of clinically silent CD in this population, such as beneficial effects on bone mineral density, nutritional status, and pregnancy outcomes remain to be clarified.
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